Supplementary Note 1. Genetic map construction and genome anchoring
An F2 mapping population, consisting of 109 individuals, were generated by crossing a pair of F1 siblings, which were derived from a cross between Sp75 (male), the line used to generated the reference genome sequence, and a gynoecious line Sp73 (female). All the plant materials were grown in the greenhouse of Shanghai Normal University in the spring of 2015. Genomic DNA was extracted from young healthy leaves of F2 individuals and the parents using the cetyltrimethylammonium bromide (CTAB) method. DNA concentration was measured using an ND-2000 spectrophotometer (NanoDrop, Wilmington, DE, USA) and quality was assessed by electrophoresis using 1% agarose gels with a lambda DNA standard. Genotyp ing of these plants was performed following the genotyping-by-sequencing (GBS) protocol 1 , using ApeKI as the restriction enzyme. The resulting libraries were multiplexed and sequenced on a HiSeq 2500 system (Illumina Inc. USA) with single-end mode and read length of 100 bp. The GBS reads were mapped to the spinach reference genome sequence using bwa aln 2 (v0.7.12) with default parameters. We compared and used three different programs, GATK 3 (v3.6-0-g89b7209), Fig. 3 ).
TASSEL-GBS (v2) and TASSEL-GBS
Using the newly generated genetic map, we were able to anchor 439 scaffolds to the six spinach LGs, covering 463.4 Mb (47%) of the 996 Mb assembled genome and more than 60% of the total gene space (Supplementary Fig. 3 ). We manually checked the assembled scaffolds that
were not consistent with LGs, by examining the alignments of the mate-pair reads from two large-insert libraries (10 kb and 15 kb). Six scaffolds with conflicting marker positions on LGs were broken based on the evidence from the alignments (Supplementary Fig. 4) . Several other inconsistencies between genetic map and the genome scaffolds could still be observed (Supple mentary Fig. 3 ), which could be mainly due to the errors introduced during genetic map construction.
Furthermore, we compared a previously published spinach genetic map 6 , which consists of 283 SNP makers, to our genome assembly. A total of 279 markers could be uniquely mapped to the assembly, which anchored 87 scaffolds of a total length of 130. . 5 ), supporting the high accuracy of our genome anchoring. Since only a very small portion of scaffolds (6.5 Mb) that were anchored by the genetic map of Chan-Navarrete et al. 6 were not covered by our pseudochromosomes, no further effort was made to integrate the 6.5-Mb scaffolds into our final pseudochromosomes.
The rate (47%) of assembled spinach scaffolds that could be anchored to the genetic map is relatively low. This could be due mainly to the following two reasons : 1) the genetic diversity between the two parents, both of which are cultivated species, is very low. This is the same for the genetic map of Chan-Navarrete et al 6 ; and 2) spinach is a naturally dioecious species, therefore the F2 population in our mapping population had to be generated by crossing two F1 siblings with different sex types. This could be the main reason that a large portion of the SNP markers (86%) that did not pass the segregation ratio test (1:2:1; p < 0.001). Mapping populations derived from parents that are distantly related, e.g., one cultivated and one wild species, would greatly help to generate high-density genetic maps for spinach. However, currently very limited number of accessions are available for the two wild relatives of spinach, Spinacia turkestanica and S. tetrandra. In addition, progenies from crosses of cultivated and wild (especially S. tetrandra) spinaches often show highly reduced pollen fertility 7 , make it difficult to develop mapping populations with high genetic diversity.
